Introduction 45
The Series 2-Series 3 transition in the Cambrian Period coincides with the 46 first biotic crisis of the Phanerozoic, which saw major losses amongst the 47 archaeocyathid sponges and two major trilobite groups, the redlichiids and olenellids 48 (Palmer, 1998; Zhu et al. 2004; Zhu, Babcock & Peng, 2006; Guo et al. 2010; Fan, 49 Deng & Zhang, 2011; Wang et al. 2011; Zhang et al. 2013; Ishikawa et al. 2014) . 50
Around the same time, a series of major carbon isotope oscillations have been 51 recorded including a major negative δ 13 C excursion thought to coincide with the 52 trilobite extinctions (Montañez et al. 2000; Zhu et al. 2004; Zhu, Babcock & Peng, 53 2006; Wang et al. 2011; Peng, Babcock & Cooper, 2012) . The event has therefore 54 been termed the Redlichiid-Olenellid Extinction Carbon Isotope Excursion (ROECE) 55 (Zhu et al. 2004; Zhu, Babcock & Peng, 2006; Alvaro et al. 2008; Guo et al. 2010; 56 Fan, Deng & Zhang, 2011; Wang et al. 2011) . 57
The ROECE is also contemporaneous with a major regression-transgression 58 couplet responsible for the boundary between the Sauk I and Sauk II 59 supersequences of the Laurentian continent (Sloss, 1963; Palmer & James, 1980; 60 Mckie, 1993; Raine & Smith, 2012) . However, this sea-level change does not have 61 an expression outside of Laurentia and, thus, has no apparent effect in Gondwana 62 (Pratt & Bordonaro, 2014) or South China (Zhu et al. 2004) . In contrast, its 63
Laurentian expression is a major hiatus in shelf locations whilst down-dip a thick 64 lowstand package is seen, such as the Hawke Bay Formation of Newfoundland -the 65 regression has therefore been referred to as the 'Hawke Bay event ' (Palmer & 66 James, 1980) . 67
The relationship between extinctions, sea-level change and C isotope 68 excursions is a common theme in studies of environmental crises, but their interplay 69 at this time in the Cambrian is unclear. Originally it was suggested that there were 70 two crises: the Sinsk event (Zhuravlev & Wood, 1996) , named after the widespread 71 development of black shales in Siberia, which especially affected archaeocyathans; 72 and a later, severe extinction of redlichiid and olenellid trilobites coinciding with the 73 regressive Hawke Bay event (Palmer & James, 1980; Zhuravlev & Wood, 1996) . 74
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4.a. Loch Eriboll 161

4.a.1. Salterella Grit Member 162
The 11 m-thick Salterella Grit Member consists of beds of medium-grained, 163 cross-bedded and planar and parallel laminated quartz arenites together with 164 strongly bioturbated quartz arenites ('pipe rock') with abundant Skolithos burrows 165 (Fig. 2) . The cross-sets are stacked on low-angle bounding surfaces and in some 166 beds the intensity of Skolithos burrows is sufficient to obliterate the bedding 167 especially in uppermost levels where the abundance of Salterella also increases. 168 (Fig. 3 B) . This clast lithology is not seen in 207 the underlying beds, which are recrystallized dolostones (although they appear finer-208 grained and laminated in the field). 209 
The Salterella Grit Member has been interpreted to be a tidal sandbank facies 231 formed during a shallowing phase of deposition (McKie 1990 (McKie , 1993 . Conditions 232 alternated between periods influenced by strong tidal currents and more quiescent 233 intervals when intense burrowing occurred. The subsequent sharp transition to the 234 fine-grained strata at the base of the Ghrudaidh Formation at Loch Eriboll indicates a 235 considerable decrease in depositional energy. This observation, combined with the 236 abundant occurrence of halite and small pyrite framboids at Loch Eriboll, suggests a 237 restricted, evaporitic lagoonal setting and low oxygen conditions. The persistence of 238 the well-rounded quartz grains that dominate the Salterella Grit Member, in these 239 basal beds of the Ghrudaidh Formation, shows that the source terrain (probably 240 aeolian dunes on the adjacent Laurentian craton) was still nearby. 241
The basal Ghrudaidh strata at Ardvreck Castle differs from that at Loch Eriboll 242 because it has a higher proportion of quartz grains and lacks evidence (such as 243 pyrite framboids and halite) for lagoonal deposition. It is possible that this is an 244 intertidal facies developed immediately adjacent to aeolian dunes. However, 245 contrasting facies are seen 0.9 km to the north of the Ardvreck locality at Lochan 246 The elevated salinity is interpreted to have occurred late in deposition of the 262 Ghrudaidh Formation. 263 At Loch Eriboll, the lowest δ 13 C carb value is returned from the Salterella Grit 276
Member, sample AS46 with a TIC of 4.5 wt % returned from Salterella shells. The shorter Ardvreck Castle δ 13 C carb record (Fig. 5) shows a rapid increase across 285 the Salterella Grit/Ghrudaidh boundary to a positive peak 2 m above before 286 declining. The two lowest values measured from the Salterella Grit Member at the 287 base of the section come from sandstones in which the main carbonate content is 288 the shells of Salterella (carbonate content ranges from 1 to 7 wt %, see data table). 289
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